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NATIOKAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMDRANDUM 


LATERAL OSCILLATORY CHARACTERISTICS OP TEE 
REPUBLIC F-9L AIRPLANE CALCULATED BY USING LOW-SPEED 
EXPERIMENTAL STATIC AND ROTARY DERIVATIVES 
By ^rron M. Jaquet and H. S. Fletcher 


SUMMARY 


The present investigation was conducted to determine, from low-speed 
tests in the Langley stability tunnel, the static and rotary derivatives 
of a 1 / 9 -scale model of the Republic F-91 airplane and various of its 
components (including the effects of wing incidence) and to determine 
the accuracy with which the period and damping of the lateral oscilla- 
tion of the airplane could be calculated by using these experimentally 
determined derivatives (corrected for Mach number effects). Comparisons 
between flight and calculated period and damping of the lateral oscilla- 
tion were made for Mach numbers from O.it- to 0.9 at an altitude of 
20,CXX) feet for 0° wing incidence and several other wing incidences. 

Some comparisons were ioade of the static and rotary derivatives of the 
model and derivatives estimated by available procedures • 

The results of the investigation have indicated that the model did 
not have unusual aerodynamic characteristics except for a large (about 
-O. 125 ) increment in the damping in yaw contributed by the fuselage. 
Changes in wing incidence, in general, had little effect on the static 
and rotary derivatives of the model. The static and rotary derivatives 
of the model could be estimated with good accuracy only in the low 
angle-of-attack range by using available procedures. 

Changes in the angle between the reference axis and principal axis 
and in the nondimensional radius of gyration in yaw had only a small 
effect on the period of the lateral oscillation but had large effects 
on the danping. This result indicates that, as has been shown in other 
investigations, luiowlng the exact mass parameters is as important as 
Inowing the correct derivatives . For the most recent mass characteris- 
tics available, good agreement was obtained between the calculated and 
flight damping for Ifech numbers up to 0.6, whereas at higher Mach numbers 
the calculated rate of damping was greater than that obtained in flight. 
The calculated period was in good agreement with the flight period for 
the Mach number range investigated. 
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INTRODUCTION 


An accurate Imovledge of the static and rotary stability deriva- 
tives and airplane mass characteristics is necessary in order to insure 
good estimates of the period and damping of the lateral oscillation for 
any airplane imder consideration. Numerous methods are available for 
the estimation of these derivatives and a number of these methods are 
summarized in reference 1. In some cases, the derivatives are difficult 
to estimate, the result being that the period and damping of the lateral 
oscillation cannot be calculated with the accuracy desired. Such was 
the case for the Republic F-91 airplane in the investigation reported 
in reference 2. Generally, poor agreement between calculated and fll^t 
values of the period and damping of the lateral oscillation was noted 
and it was believed that more accurate rolling and yawing derivatives 
wer.e needed. 

The present investigation was conducted to determine from low-speed 
wind-tunnel tests the static and rotary stability derivatives of a 
l/9-scale model of the Republic F-91 airplane and various of its com- 
ponents (including the effects of wing incidence). The static and 
rotary derivatives of Jbhe model components also were estimated by avail- 
able means for comparison with the experimenta3JLy determined derivatives . 
The experimental derivatives (corrected for Jfech nimiber effects) were 
used to estimate the variation of period and rate of damping of the 
lateral oscillation with Mach number at an altitude of 20,000 feet for 
comparison with values obtained from fll^t tests of the full-scale 
airplane with 0° wing Incidence (ref. 2) and several other wing incidences. 


SYMBOLS 


The data presented herein are in the form of standard MCA symbols 
and coefficients of forces and moments and are referred to the stability 
system of axes shown in figure 1. The center of gravity was at 0.21 of 
the mean aerodynamic chord. The coefficients and symbols used herein 
are defined as follows : 

lift coefficient, L/qSy 
Cp drag coefficient, D/qSy 

Oy lateral-force coefficient, Y/qS^ 

Cjn pitching-moment coefficient, M/qS^c^ 

Cj rolling-moment coefficient, L'/tl^wW 


NACA RM L55G01 


3 


Cn 


yawing-moment coefficient j 


N/qSwt>v 




acy 






C 


Ip 


ap 



acy 

2V 


ac 


n 


"nr 




Cl = — ^ 
2V 



acy 




2V 
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2V 


lift, lb 
drag, lb 

lateral force, lb 
pitching moment, ft-lb 
rolling moment, ft-lb 
yawing moment , ft-lb 
aspect ratio, b^/S 
span, ft 
area , sq. ft 

local chord parallel to plane of symmetry, ft 

2 r”''® 2 

mean aerodynamic chord, ft, / c'^yy 

S Jq 

/ OV^ 

dynamic pressure, Ib/sq ft, 

mass density of air, slugs/cu ft 
airspeed, ft/sec 

spanwlse distance measured from and perpendicular to plane 
of symmetry, ft 

tail length, distance parallel to fuselage reference line 
from center of gravity to c/k of tall, ft 

tall height, perpendicular distance frcm fuselage reference 
line to c/4 of tall, ft 

angle of attack of fuselage reference line, deg 

angle-of -attack correction factor to effectiveness of vertical 
tall in sideslip 
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P angle of sideslip, deg or radian (as noted) 


iv incidence of wing root chord line, deg 



rate of change of wing sidewash angle at vertical tall with 
wing-tip helix angle 


dap 

— — rate of change of fuselage sidewash single at vertical tail 

with wing-tip helix angle 
2V 

pb/2V wing-tip helix angle, radian 

rh/^ yawing angular velocity parameter, radian 

p rolling velocity, radlans/sec 

r yawing angular velocity, radlans/sec 

€ angle between reference axis and principal axis, positive 

when reference axis is above principal axis at the nose, deg 

T inclination of principal longitudinal axis with respect to 

flight path, positive when principal axis is above fll^t 
path at nose, deg, = a - € 

7 angle of flight path to horizontal axis, positive in climb, 

deg 



radius of gyration in roll about principal l.ongitudlnal axis, 
ft 


% 

% 

% 

^l/2 

P 

H 


radius of gyration in yaw about principal vertical axis, ft 

nondlmensional radius of gyration in roll about principal 
longitudinal axis, 

nondlmensional radius of gyration in yaw about principal 
verticeil axis, 

time for oscillation to damp to one-naif amplitude, sec 


period of oscillation, sec 
altitude, ft 
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M Mach n'um.her 

R Reynolds number 

Subscripts : 
w wing 

V vertical tail 

H horizontal tall 

The following notation is used to denote model components ; 

F fuselage 

W wing 

WF wing, fuselage 

WFVH wing, fuselage, vertical and horizontal tails 

The fiiselage includes upper and lower rockets and ventral fin unless 
otherwise noted. (See fig. 2.) 


APPARATUS, M3EEL, AND TESTS 


The Langley 6-foot-diameter rolling-flow test section (ref. 5) 
and the Langley 6- by 6-foot ciirved-flow test section (ref. -4) in which 
rolling or ciarved flight is simulated by rolling or curving the alrstream 
about a rigidly mo\mted model were used for the present investigation. 

The model was mounted on a single support which was rigidly attached 
to a six-con^jonent balance system. 

Geometric details of the l/9-scale model of the Republic F-91 air- 
plane having an inversely tapered, variable-incidence wing are shown in 
fi^re 2. Additional details are given in table I. The wing had 
40° sweepback of the 0.5 chord line, a taper ratio of 1.65> an aspect 
ratio of 5 - 07 / an area of 5-95 square feet, a mean aerodynamic chord 
of 1.178 feet, -5° dihedral, and Republic Aviation Corporation airfoil 
sections. (See table II.) A center-of -gravity position of O.Rlc" was 
selected for the tests and, the wing rotation point about which the 
wing Incidence was varied was 0.127^' (fig. 2). The model was constructed 
of laminated mahogany with aluminum Inserts in the vertical euid hori- 
zontal tails and along the wing trailing edge. A photograph of the 
model is presented as figure 5> 
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The tests consisted of six- component measurements of forces and 
moments through an angle-of -attack range of about -8° to 28°. The tests 
are summarized in the following table; 



The wing, wing- fuselage combination, and the conp)lete model were 
tested under each of the conditions listed in the table for i^ = 6°, 0°, 

and -2°. The fuselage alone with the top rocket fairing on and off was 
tested at a = 0°, 6°, 12°, and 20° at the values of rb/2V listed in 
the table . 


CORRECTIONS 


Approximate jet-bovmdary corrections derived for unswept wings were 
applied to the angle of attack and drag coefficient. A correction to 
Cy^ was applied to account for the pressure gradient associated with 

curved flow. (See ref. 4.) Blockage corrections, usually less than 
1 percent, were not applied to the data nor were support strut tares. 
Horizontal tall-on pitching moments were corrected for the effects of 
the jet boundaries by the mejthods of reference 5 . 
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RESULTS AKD DISCUSSION 
Wind-Tunnel Data 


Basic data .- The basic experlanental data obtained during the present 
Investigation are summarized as follows; 

Figure 


Data: 

Variation of Cjjj, Cjj, and with a for 

= 6°, 0°, and -2° U- 

Variation of with a for 

.iv = 6°, 0°, and -2° 5 

Variation of 

1-jf = 6°, 0°, and -2° 6 

Variation of Cy , Cn » and Cj with a for 
r T ‘r 

Iv = 6°, 0°, and -2° 7 


Some of the basic data are cross -plotted In figure 8 to show the 
effects of wing Incidence on the various derivatives for several lift 
coefficients . 

The basic data do not show uniisual static or rolling characteris- 
tics when compared to corresponding data for other swept'-wlng models. 

(See ref. 6, for exan^jle.) The yawing data (fig. 'j), however. Indicate 
that the fuselage contributed an unusually large and favorable (negative) 
increment to Cn^. This increment, about -0.125, is as large as that 

contributed by the vertical tall of other models (see, for exan^ple, 
ref . 7 ) • 


Effects of wing Incidence .- The effects of wing Incidence on the 
static longitudinal stability characteristics can be seen from the 
basic data of figure 4. The primary effect of wing Incidence is to 
change the angle of zero lift by an amount approximately equal to the 
change In Incidence . 

The effects of wing incidence on the static lateral and rotary 
stability derivatives are shown In figure 8, for several lift coeffi- 
cients, for the complete model, wing-fuselage combination, SLnd the tail 
contribution. The tail contribution to the various derivatives wps 
determined by subtracting the wing-fuselage derivatives from the l om- 
plete model derivatives. Wing Incidence, in general, has only a small 
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effect on the wing-fuselage— combination derivatives . The tail con- 
tribution to some of the derivatives is affected somewhat by a change 
in wing incidence, and this effect is probably caused by a displacement 
of the wing wake relative to the vertical tail as the wing incidence 
is changed. (See ref. 8 for the effects of the wing wake on the rolling 
derivatives of vertical tails . ) 


Comparison of Measured and Estimated Derivatives 

Vertical- tail contributions .- The equations, and their source, used 
to calculate the vertical-tail increments of the various derivatives 
are as follows : 


Equations 


Reference 


(%> “ -(°0v £ 




Wv = - cos a + g sin a) 

(Czp)v = -(%)v(^ - 5 ") 

\ av 2 V, 


(Cnp^V " (fOv ^ a- + ly a - ly sin a) - j — ^ ^ 

__ \ 27 2V, 


Cl = “(Cr COB a - ly Bln a) cos a - ly sin a) - + -^1 

‘py SvV V 

\ 2V 2V/ 

(%> = "(%)y E(S =o» - - 5 Bln a) 

(<v)y - -a(Cl^)y COB a + g sin 

f lr)v = <Ov ^ “)(5 “) 



quantity radian 
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vas determined from reference 12 for 


The llft-c\irve slope 

an effective aspect ratio detennlned from reference 9 * VOien the yawing 
and rolling derivatives of the vertica l t all ver e calculated, the effec- 
tive aspect rati o was conside red ta..he equal t o the geometric” aSpecT 
ratio with* no endr jilate effect nf the fuselage. (See ref".' 7 for the 

Sc-i Sffp 

— i and — 

2V 

ences 8 and 11, respectively. 


yawing case.) The factors 


2 V 


were obtained from refer- 


The rolling sjid yawing derivatives of the vertical tail were also 
calculated by using the experimental static derivatives . 


The horizontal- tail contribution to was calculated by the 

method given in reference 13. 


The estimated tall contributions to the various derivatives are 
compared with the experimental values in fig\are 9- In general, the 
tail contributions to the rotary derivatives could be estimated with 
fairly good accuracy by using the estimated but, when the 

experimental static derivatives were used, the agreement was poorer 
especially at moderate and high angles of attack. This result has been 
previously noted for the yawing case in the investigation reported in 
reference 7 . 


The poorer agreement obtained when experimental static-lateral 
stability derivatives are used to calculate rotary derivatives of the 
tail is the result of different types of flow. In sideslip, the flow 
direction along the length of the fuselage is constant; whereas, in 
the yawing case, the flow direction varies along the fuselage length 
and, consequently, the Influence of the fuselage in sideslip and yawing 
flow is considerably different (ref. 7). The effects of the fuselage 
on the sldewBsh at the tail for the rolling case are discussed in 
reference 11. 


Wing-fuselage contribution .- The wlng-fuselage-comblnation deriva- 
tives were taken as the sum of the wing derivatives and fuselage deriva- 
tives . Estimated values of the wing ajid fuselage derivatives were 
obtained from the following sources ; 
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Component 

Derivative 

Reference 

Wing 

Cy^, Cj^, Cq^, Cy^ 

14 

Wing 


15 

Wing 

% 

16 

Fuselage 

CYp» Cnp 

9 

Fuselage 


7 

Fuselage 


10 

Fuselage 

Cip, Ci^, 

— 


4liese values are assuiEed to be zero. 


The effect of wing dihedral on Cy was determined from reference I 7 
and on and C 7 from reference lo. The contribution of the rocket 

fairings to Cy^. and was determilned by assuming the fairings to be 

low-aspect-ratio vertical fins. These contributions were calculated by 
using the equations for given in a previous 

section. 

The measured and estimated wing-fuselage — combination derivatives 
are compared in figure 10. In general, the agreement is good at low 
angles of attack but is poor at high angles of attack. The large dif- 
ferences between estimated and experimental values of and 

may be attributed to the fact that the theory of references l 4 

and 16 does not account for the flow separation that occurs at angles 
of attack appreciably below the stall at low Reynolds numbers. It is 
believed that these estimated curves may indicate trends at higher 
Reynolds numbers . The differences for the other derivatives may be 
attributable to mut\ial Interference effects of the wing-fuselage com- 
bination which have not been accounted for since interference effects 
have been determined only for simple bodies of revolution. (See 
refs. 7 , 9, and 11.) In addition, the canopy may have some effect on 
the various derivatives. (See ref. 19 •) 

Complete model .- The complete-model derivatives were obtained by 
the addition of the wing- fuselage and vertical-tail derivatives . A 
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compEirison of the estimated and experimental- derivatives (fig. ll) 
indicates generally good agreement at lov angles of attack hut poor 
agreement at angles of attack above about 8°. The poor agreement at 
high angles of attack is a direct consequence of the poor agreement of 
the estimated and experimental wing- fuselage derivatives . 


Estimated Effects of Mach Number on Derivatives 

Inasmuch as the deri-vatlves shown in figures 4 to 7 were obtained 
at Mach numbers near zero in order to make them applicable for calcu- 
lating the airplane stability at Mach numbers up to 0.9? it was necessary 
to apply corrections for Mach number effects. This was- accomplished by 
correcting the vertical- tall derivatives and wing- fuselage deri-vatlves 
independently. Aeroelastic or unsteady lift effects on the derivatives 
have been neglected. 

Vertical tall .- The lift-curve slope of the vertical tall was 
obtained from the experimental deri-vative and, for this lift- 

curve slope, an effectl-ve aspect ratio was determined from reference 12. 
From reference 20 the effects of Mach number on the vertical- tall lift- 
curve slope -were detemUned and these corrections were applied to all 
vertical- tall derivatives . 


Wing-fuselage combination .- The lift-curve slope of the airplane 
for Mach numbers from 0.6 to 0.9 was obtained from reference 21. Lift- 
curve slopes for Mach manbers between those of the present investiga- 
tion and those of reference 21 were obtained by fairing a curve between 
the values of at M == 0.17 and M = 0.60. Reference 20 was used 


to obtain Mach number corrections for 


p? 

Yp^ ''"r' 

were assumed to be constant for the Mach number range considered 


The wing-fuselage contributions to the derivatives 
and Cy 


and 

C. 


Cy. 


since the fuselage is generally the primary contributor to these deriva- 
tives and Mach number corrections for fuselages are generally considered 
negligible in the subsonic speed range. 


Complete model .- The complete-model derivatives are the sum of the 
corrected -vertical-tail derivatives and the corrected wing- fuselage 
deri-vatives for a given angle of attack and Mach number. The variation 
of Cl and the static eind rotary derivatives -with Mach number for 

se-veral angles of attack are presented in figure 12 for -wing incidences 
of 6°, 0°, and -2°. 
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Lateral Oscillatory Characteristics 

2 

Several values of the mass parameters Kzq and e were available 

for the Republic F-91 airplane from the Ames Aeronautical Laboratory. 
Because there was no indication of which values were correct, the period 
and damping (presented in tezms of the time to damp to half amplitude) 
of the lateral oscillation were calc\ilated by using the range of values 
of K 2 q^ and e shown in table III and the aerodynamic derivatives of 

figure 12. The calculations were made for an altitude of 20,000 feet, 
a wing loading of 6l.l pounds per square foot, and a relative density 
factor of k-J.9 by using the linearized equations of lateral motion as 
presented in reference 22. All calculations were made on an automatic 
digital computing machine. 

Effects of € and calculated period and damping.- A 

decrease in e from 6° to 0° for the two larger values of 
(figs. 15(a) and 13 (b)) results in a decrease in I]_^2 (^i^^iicatlng an 

increase in damping) and P with e having a large effect on the 
damping at low Mach niimbers and a small effect at M = 0.9- For the 
smallest value of 15 (c) )> e has a negligible effect on 

the damping and period except at low Mach numbers. Decreasing 
for a constant value of € decreases both ^ with the 

largest effect at low Mach numbers. 

Companison of fli^t and calculated period and damping .- The dashed 
curves in figure 15 represent flight data which were obtained from 
reference 2. The flight T]_/2 has a smaller variation with tfach num- 
ber than the calculated values . The best eigreement between calculated 
and flight values of the damping is obtained when = 0.1026 and 

€ = 0° (fig. 15 (a)) for Mach numbers up to 0.6 and for higher I>feich 
numbers the calculated ciirve indicates greater damping than actually 
exists. The corresponding calculated period is about 10 percent lower 
than the flight values for the Mach number range investigated. 

A con 5 )anison of the effect of using estimated derivatives or 
experimental derivatives in the calculation of the variation of the 
damping and period with Mach number is presented in figure l4 for two 
different sets of mass data; the mass data used for the calculations 
of figure l4(b) are the most recent available for the aiiqilane (ref. 2). 

For the mass data used in figure l4(a) there is little difference 
in the damping and period when either estimated or experimental deriva- 
tives are used in the calculations . VThen estimated or experimental 
derivatives are used with the most recent mass data (fig. l4(b)), a 
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large difference in the calculated dainplng results; the calculated trend 
of damping with Mach number using experimental derivatives approaches 
the flight trend, whereas the calculations using estimated derivatives 
indicate less damping at low Mach numbers and a greater change in 
damping with an increase in Mach number . Calculations were also made 
(data not presented) for the conditions of figure l4(a) with experi- 
mental derivatives neglecting Mach number corrections . These calcu- 
lations resulted in values of ^ that were almost Identical 

to the values in figure l4(a). This is probably the results of com- 
pensating effects of the Mach number corrections (theoretical) and, if 
experimental Mach number corrections had been available, this may not 
have happened. 

Large differences in some of the derivatives of reference 2 
(estimated) and the present paper ( eacperimentaJ. derivatives) are apparent, 
notably and As was noted previously, the dif- 
ferences obtained in calculating ^ using estimated and 

experimental derivatives may or may not be large depending on the mass 
parameters and these differences in derivatives are incidental in some 
cases and are inportant in others . This result indicates that knowing 
the exact mass parameters of an airplane is as Inqportant as knowing 
the correct derivatives . 

There are other items that could possibly affect the calculations. 

One of these is random. control movement. In the investigation of refer- 
ence 2 it was noted that the controls were assumed fixed although this 
was not known to be a certainty. On the basis of the investigation of 
reference 25; random control movement could have an appreciable effect 
on the motions of the airplane and it was necessary to account for this 
in the calculations . Time histories for the subject airplane were not 
available and, hence, the effects of control movement have not been 
Included in the calculations - 

It is aiso possible that the Ifach number effects on the derivatives 
are not predictable by the currently available theoretical methods for 
Mach numbers above O .75 and this may have an effect on the variation of 
the damping with Mach number. 

Effects of wing incidence on period and damping .- For the calcula- 
tions to determine the effects of wing incidence on the period and 
damping of the lateral oscillation it was assumed that wing incidence 
did not affect value of was 0.1026 

for all calculations, and values of e of 0° and 5° were used as is 
noted in table IH. 
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The effects of wing incidence on the variation of ^ 

with Mach number are shown in figure 15 (a) and these data are cross- 
plotted in figure 15 (h) to show the variation of T]_yp and P with 
wing incidence for the Mach number range investigated. Also shown in 
figure 15 (h) are flight values of T]_/2 ^ several wing 

incidences as obtained from the NACA High Speed Flight Research Station 
at Edwards Air Force Base, Calif, (to date unpublished). For either 
value of e, decreasing the wing Incidence from 6° to -2° decreases the 
time to rtamp to one-half ajiqjlltude, the effect of incidence decreasing 
as the Mach number is Increased. Except for a Mach number of O. 5 , 

T 1/2 decreases linearly with a decrease in wing incidence for either 
value of e. Wing incidence haa little effect on the period of the 
oscillation, the period for i.^, = 0° being slightly higher than for 
other values of W* These trends axe generally similar to those 
obtained in the flight tests, although for incidences greater than 4° 
the flight data Indicate a greater decrease in damping with an Increase 
in wing incidence than was calculated. The magnitude of varies 

with e for a given Mach number and, for e = 0°, the calculated 
magnitude of T ]_^2 about the same as that obtained in flight for 

Mach numbers up to 0.6. 


CONCLUSIONS 


An investigation was conducted to determine, from low-speed tests 
in the Langley stability tunnel, the static and rotary derivatives of 
a 1 / 9 -scale model of the Republic F -91 airplane and to determine the 
accuracy with which the period and damping of the lateral oscillation 
of the airplane could be calculated by using these experimentally deter- 
mined derivatives (corrected for Mach niomber effects). Comparisons 
were made between flight and calculated period and damping of the 
lateral oscillation for Mach ntimbers from 0.4 to 0.9 at an altitude of 
20,000 feet for 0° wing incidence and several other wing Incidences. 

Some comparisons were made of the static and rotary derivatives of the 
model and derivatives estimated by available procedures . The results 
of the investigation indicate the following conclusions: 

1. The model did not have unusual aerodynamic characteristics 
except for a large (-O.I 25 ) Increment in the damping in yaw contributed 
by the fuselage. 

2. Changes in wing incidence, in general, had little effect on the 
static and rotary derivatives of the model. 
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5 . The static and rotary stability derivatives of the model could 
be estimated with good accuracy only in the low angle-of-attack range 
by using available procedures . 

4. Changes in the angle between the principal axis and the reference 
axis and in the nondlmenslonal radius of gyration in yaw had only a 
small effect on the period of the oscillation but had Isirge effects on 
the daniplng. This result Indicates that, as has been shown in other 
investigations, knowing the exact mass parameters is as Important as 
Imowlng the correct derivatives . 

5 . For the most recent mass characteristics available, good agree- 
ment was obtained between the calculated and flight damping for Mach 
numbers up to 0.6, whereas, at higher Mach numbers , the calculated rate 
of dsji^jlng was greater than that obtained in flight . The calculated 
period was in good agreement with the flight period for the Mach number 
range investigated. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., June 2k, 1955 • 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF 1 / 9 -SCALE MOEEL 
OF REPUBLIC F -91 AIRPLANE 

Wing: 

Aspect ratio 3-07 

Taper ratio I .65 

Quarter-chord sveep angle, deg 37*5 

Dihedral angle, deg -5 

Incidence, variable, deg -2 to 6 

Area, sq. ft 3-95 

Span, ft 3*^^ 

Mean aerodynamic chord, ft I.I 78 

Tip chord, ft 1.43 

Vertical tail: 

Aspect ratio 2.l8 

Taper ratio 0.39 

Quarter-chord sweep angle, deg 33 

Area from fuselage reference line, sq. ft O .768 

Span from fuselage reference line, ft 1-293 

Mean aerodynamic chord, ft O .652 

Tail-length ratio, Zy/W 0.499 

Tail-height ratio, zy/b^ 0.159 

Area ratio, Sy/Sy 0.195 

Tip chord, ft 0.333 

Horizontal tall: 

Aspect ratio 3-90 

Taper ratio 1.0 

Quarter-chord sweep angle, deg 40 

Dihedral angle, deg 0 

Incidence, deg 0 

Area ratio, Sh/Sw 0.223 

Span, ft 1.852 

Tail-length ratio, 1 - q /^ 1-785 

Tail-height ratio, zg/cv 0.425 

Fuselage : 

Length, ft 4.8l 

MEixlmum depth excluding canopy, ft O .676 
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TABLE II.- WING AIRFOIL COORDINATES PARALLEL TO PLANE OF SYMffiTRY 

[obtained from ref. 2 ^ 


Station, 

percent 

chord 

Root section 

Tip section 

Upper, 

percent 

chord 

Lower, 

percent 

chord 

Upper, 

percent 

chord 

Lower , 
percent 
chord 

0.0 

0 

0 

0 

0 

•5 

.63 

•51 

.66 

.54 

•75 

.78 

.64 

.81 

.67 

1.25 


.82 

1.05 

.86 

2.50 


1.15 

1.48 

1-19 

5.00 


l.6o 

2.09 

1.63 

7.50 


1.92 

2-55 

1.94 

10.00 

2.88 

2.11 

2.89 

2.18 

15 

5 .W<- 

2.53 

3.44 

2.55 

20 

3.84 

2.78 

3.84 

2.78 

25 

4.13 

2.94 

4.13 

2.94 

50 

4.32 

3.04 

4.32 

3.04 

55 

4.44 

3.08 

4.44 

3-08 

4 o 

4.48 

3.08 

4.48 

3.08 

45 

4.45 

3.01 

4.45 

3.01 

50 

4.36 

2.89 

4.36 

2.89 

55 

4.15 

2.72 

4.15 

2.72 

60 

5.89 

2.50 

3-89 

2.50 

65 

5.57 

2.23 

5.57 

2.23 

70 

3-19 

1.93 

3.19 

1.95 

75 

2.75 

1.60 

2.75 

1.60 

80 

2.27 

1.25 

2.27 

1.25 

85 

1-75 

• 89 

1-75 

.89 

90 

1.21 

.54 

1.21 

.54 

95 

• 63 

.24 

.63 

.24 

100 

0 

0 

0 

0 
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TABLE III.- FLIGHT C0HIIIT3DNS 

Investigated at an altitude of 20,000 ft, a wing 
loading of 6l.l Ib/sq. ft, and 1-y = 0° ^ 


Mach nimber 

Cl 

ro 

(a) 

e, deg 
(a) 

0.4 

0.560 

0.02455 

.02455 

.02455 

.0249 

0.1026 

.0941 

.0544 

.0887 

6, 3, 0 
6, 3, 0 

6, 3, 0 
1.5 

•5 

.557 

.02455 

.02455 

.02455 

.0249 

.1026 

.0941 

.0544 

.0887 

6, 3, 0 
6, 3, 0 
6, 3, 0 
1-5 

.6 

.248 

.02455 

.02455 

.02455 

.0249 

.1026 

.0941 

.0544 

.0887 

6, 5, 0 
6, 3, 0 
6, 5, 0 
1-5 

•7 

.183 

.02455 

.02455 

.02455 

.0249 

.1026 

.0941 

.0544 

.0887 

6, 3, 0 
6, 3, 0 
6, 3, 0 
1-5 

.8 

.140 

.02455 

.02455 

.02455 

.0249 

.1026 

.0941 

.0544 

.0887 

6, 3, 0 
6, 3, 0 

6, 5, 0 
1-5 

• 9 

.110 


.1026 

.0941 

.0544 

.0887 

6, 3, 0 
6, 3, 0 
6, 3, 0 
1-5 



®For iv = 6° and -2°, 
was 0.1026, and 


values of e 
was 0.02455" 


used were 0° and 5°, 
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Figure 5-- Three-q.uarter front view of l/9-scale model of the 
Republic F-91 airplane In tunnel. 
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(b) = 0°. 
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(c) = -2°. 


Figure 4.- Variation of Cj), and with a for a l/9-scale airplane model of 

the Republic F-91 airplane. Center of gravity at 0.21c. 
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(a) Iv = 6°. 
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(c) = -2°. 


Figure 6.- Variation of Cy^, ajid with a for l/9-’Scale airplane model of 

the Republic F-91 airplane. Center of gravity at 0.21c. 
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WFVH- nr 



4 0 4 8-4 0 4 8-4 0 4 8 fy^ . | , u 

i^deg -4 0 4 8-4 


iw. deg 


(a) Variation of static derivatives of WFVH 
and WFVH-WF with i„. 


WFVH-WF 


WFVH-WF 


(b) Variation of rolling deriva- 
tives of WFVEj WF, and 
WFVH-WF with i^. 


(c) Variation of yawing deriva 
tives of WFVH, WF, and 
WFVH-WF with i^. 


rig\nre 8.- Effect of wing Incidence on static, rolling, and yawing 
derivatives of a l/9-scale airplane model of the Republic F-91 
airplane . 
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Figure 9 .- ConiiarlBon of calculated and experimental contrlljutlon of 
vertical tail to static and rotary derivatives. Static derivatives 
per radian. - 0°. 
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Figure 10,- Comparison of estimated and experimental static and rotary 
derivatives of wing- fuselage combination. Static derivatives 
per radian, i^ = 0°. 
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Figure 11.- Comparison of estimated and experimental static and rotary 
derivatives of complete model. Static derivatives per radian. = 0 
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(a) = 0.1026. 


(■b) = 0.09U1. 


(c) 


% 


= O.O^lflf. 


Figure 15.- Effect of c and K2^ on variation of Tj^^2 ^ vlth Mach number. 

i^ = 0°} Altitude, 20,000 feet; = 0.0246. 




NACA EM L55G01 


58 


KACA RM L55G01 


Oalcufated u$mg estimated dertvaftves. reference 2 

o Catcukried usmg expenmentat derivatives, present paper 

Flight, reference 2 
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(a) Yi 2 ^ = 0 . 1026 } (la) = 0.0887; 

Kxq^ = 0.021+6; e = 0°. = 0.0249; € = 1.5°. 

Figure l4.- Effect of using estimated or experimental derivatives in 
calculating the variation of Tj _^2 ^ with Mach nun±>er for 

the Republic F-91 aiiplane. Altitude, 20,000 feet. (Estiniated 
derivatives for i>art (a) vere obtained from data related to the 
investigation of ref. 2.) 
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(a) Variation of ^ with Mach number for three wing incidences. 



(b) Variation of ^ with wing incidence 

for several Mach nvunbers . 

Figure 15-- Effect of wing incidence on Tj _^2 ^ lateral 

oscillation. Altitude, 20,000 feetj = 0.1026. Flight data 

obtained from NACA High-Speed Flight Research Station at Edwards 
Air Force Base, Calif. 
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